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INOCULATION MATERIAL. 

The homogeneous suspension of the mixt feces, containing one 
part of feces in one hundred parts of suspension, was employed as the 
source of material | for all the culture experiments. This original 

* Received for publication August 8, 1909. 
t See Part I, this Journal, 1909, 6, p. 126. 
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suspension was called No. i. One c.c. of it contained the bacteria 
of 10 mg. of the fresh feces. From it a series of dilutions was pre- 
pared and numbered as follows : 

Suspension No. 2, 1 to 1,000, 1 c.c. represents 1 mg. feces. 
Suspension No. 3, 1 to 10,000, 1 c.c. represents 0.1 mg. feces. 
Suspension No. 4, 1 to 100,000, 1 c.c. represents 0.01 mg. feces. 
Suspension No. 5, 1 to i,ooo,oco, 1 c.c. represents 0.001 mg. feces. 

Each suspension was thoroughly mixt as prepared, and again each 
time before measuring out portions from it. A portion of Suspension 
No. 2 was transferred to a test tube and heated in a water bath at 
8o° C. for 15 minutes and then cooled. By this means the vegetative 
bacteria were killed and the resulting inoculation material was desig- 
nated as Suspension No. 2, Spores. This procedure of quantitative 
dilution of the feces we consider to be of special value in making 
cultures, as it is then possible to estimate the number of cultivable 
bacteria demonstrated by any particular culture method upon a 
definite quantity of the original feces. The results of cultures thus 
become quantitatively comparable one with another and also with 
the direct microscopic examinations. It seems to us very desirable 
that quantitative methods of this kind should be generally adopted 
and employed in estimating the importance of any species in the 
fecal flora. 

The variety of bacteria which may occur in the human feces is 
almost endless, but the species of real significance are limited in 
number. The accidental, unimportant bacterial species are repre- 
sented by relatively few individuals, but may assume a very prominent 
place in cultures made without regard to quantitative methods. Even 
among the really significant members of the fecal flora, quantitative 
culture methods will be necessary to determine the real importance 
of the various species. In the classical work upon fecal bacteria 
it has generally been assumed that the relative importance of the 
different species in artificial cultures is a direct indication of their 
relative importance in the feces. The fallacy of this assumption is 
illustrated by the work of Escherich 5 and of Tissier 1 7 on the fecal 
flora of the breast fed infant. Thus Escherich, studying the fecal 
flora of the nursling by the gelatin plate method, concluded that 
B. lactis aerogenes and B. coli make up practically the entire bacte- 
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rial content of the breast fed infant's stool. Tissier, employing 
a different culture method, deep tubes of glucose agar, concluded 
that an entirely different microorganism, B. bifidus communis^ makes 
up practically the whole flora of the breast fed infant's stool. Each 
of these observers carried out most careful direct microscopic exami- 
nations of the feces in conjunction with his culture experiments and 
founi the bacteria cultivated to be morphologically identical with 
those in the original material. Tissier's work following that of Esche- 
rich clearly disproves Escherich's conclusion, but it is not impossible 
that some new culture method may bring to development a new species 
of bacteria occurring in still greater quantity in the nursling's stool 
than even B. bifidus. Tissier's conclusion that the species giving 
rise to the greatest number of colonies in deep glucose agar tubes 
is identical with the dominant microorganism seen microscopically 
in the nursling's feces, even tho rendered probable by the simi- 
larity of the two in morphology and staining properties, will be 
made certain only when it is shown that the number of colonies of 
this bacillus, developed from a definite quantity of feces, bears some 
approximate relation to the number of bacilli of this type counted 
microscopically in the same quantity of the feces. Escherich clearly 
recognized the source of error in interpreting the results of culture 
experiments and the discrepancy between them and the results of 
direct microscopic examination. Thus he 1 * says: "Dabei stellten 
sich alsbald wesentliche Unterschiede in dem Ergebniss beider Unter- 
suchungsmethoden heraus in der Art, dass die Zahl und Mannig- 
faltigkeit der im microscopischen Bilde vorhandenen Bakterien eine 
erheblich grossere war als diejenige der in der Cultur erhaltenen. 
Trotz aller Variationen des Nahrbodens blieb das Resultat das 
gleiche und ich musste mir sagen, dass wenigstens mit den von mir 
ausschliesslich angewandten Methoden des festen Nahrbodens das 
Ergebniss der Cultur nur im positiven, niemals im negativen Sinne 
entscheidend sein konne. Das microscopische Bild wird uns den 
festen, objectiven Rahmen liefern miissen, in welchen wir die zunachst 
noch unvollstandigen Ergebnisse der Culturmethoden einzureihen 
haben." Tissier also observed bacterial forms in his microscopic 
preparations of feces which he was unable to bring to development 

* Darmbakterien des Sauglings, p. 12. 
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in culture, altho in some places he speaks of the deep glucose 
agar tube as a universal culture method.* 

The postulate so clearly enunciated by Escherich is certainly the 
safe rule. It does not seem probable that any single culture method 
will ever be devised which will bring to development all the living 
microorganisms present in the human feces, or even be equally 
favorable to the several different species which may grow upon it. 
More definite and certain progress will be made by culture methods 
which are frankly recognized as bringing to development certain 
definite species or groups of species to the exclusion of others, applied 
in a quantitative manner, the results of which may be directly compared 
with each other and with the results of direct microscopic examination 
of the original material. The results of our culture experiments 
are essentially incomplete and having been carried out quantitatively 
this incompleteness is clearly evident. We consider them therefore 
of peculiar value in connection with the direct quantitative observa- 
tions recorded in Part I, with which they may be quantitatively 
compared. 

PLATE CULTURES. 

Three sets of plate cultures were made from the unheated material: 
(i) upon litmus lactose agar at 37 C. in the presence of air, (2) upon 
litmus glucose agar at 37 C. in an atmosphere of hydrogen, and (3) 
upon litmus lactose gelatin at 18 C. in the air. In preparing these 
plates, portions of 0.25 c.c. of Suspension '3, and 0.50 c.c. of Suspen- 
sions 4 and 5 were measured out into sterile Petri dishes. The agar 
was melted and cooled to 45 C. in a constant temperature water bath. 
Five drops of a sterile strong solution of purified litmus! were added 
to each tube of medium, the contents of the tube then added to the 
bacterial suspension in the Petri dish, covered, and thoroughly mixt, 
and then allowed to solidify in a level place. The gelatin was also 
colored with the litmus after it was melted ready to pour into the 
Petri dishes. When solidified, the lactose agar plates were trans- 
ferred to the incubator and allowed to develop for 24 hours. The 
colonies on each plate were then counted and the number of bacteria 

* "EUe est en effet absolument generate," These, p. 41 ; and "Si nous avons insiste sur cette methode, 
d'isolement c'est qu'elle nous parait absolument generate, " These, p. 43. 
t We have found Merck's Highest Purity Litmus to be satisfactory. 
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per milligram feces represented by them estimated. The glucose 
agar plates, after solidification, were placed in a Novy anaerobe jar, 
stacked upon a low glass tripod (see Fig. 1). Upon the bottom of the 
jar, underneath the plates, a small amount (about 2 gm.) of pyro- 
gallic acid was placed, and on top of the stack of plates, a small 
(50 c.c.) flask filled with strong sodium hydroxide solution. The 
flask (see Fig. 2) was provided with a syphon spout to the end of 
which a rubber tube was attached, leading down at the side of the 
stack of Petri dishes to the bottom of the jar. A small tube containing 
glucose gelatin, colored with a few drops of methylene blue and then 
steamed for a short time, was also placed in the jar to serve as an 
indicator control of the anaerobiosis, the leuko-methylene blue 



i 




Fig. 1 

remaining reduced and colorless in the absence of oxygen. The 
cover of the jar was then clamped on, and hydrogen passed through 
it for several hours. The stop-cock was then closed, the jar dis- 
connected from the hydrogen generator, and inclined slightly to 
start the flow of alkali through the siphon spout from the flask down 
onto the pyrogallic acid in the bottom of the jar. In this way the 
pyrogallic acid became available for absorption of the last traces of 
oxygen. The jar was then placed in the incubator at 37 C. for 48 
hours, after which the colonies were counted and the bacteria per 
milligram feces calculated. The gelatin plates were allowed to 
develop for four days at i8°-20° C, after which the colonies were 
counted and the bacteria per milligram feces calculated. The reaction 
of the colonies on the litmus medium was noted in each case. On 
the lactose (aerobic) agar, alkaline colonies were frequently observed, 
generally corresponding in .number to the alkaline colonies develop- 
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ing on the gelatin plates from the same stool. All the colonies devel- 
oping on the anaerobic glucose agar plates were invariably acid in 
reaction, but from time to time colonies producing an unusually 
intense red color were noted. The gelatin plates permitted an immedi- 
ate separation of the colonies into four kinds, according to reaction 
and liquefaction, as well as producing more definitely recognizable 
types of colonies. The relative numbers of different colonies were 
noted here in addition to the total colonies. 




Fig. 2 



Table 8 shows the number of colonies developed on the aerobic 
agar and anaerobic agar plates from 202 different stools, and the num- 
ber of colonies developed on the gelatin plates from 144 stools, and 
in these latter the relative numbers of liquefying and non-liquefying, 
acid and alkaline colonies. These results present nothing new in them- 
selves, being essentially the same as obtained by a large number of 
investigators. They are, however, of particular importance in con- 
nection with the other examinations made upon the same stools, 
especially the direct quantitative examinations reported in Part I. 
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The number of colonies on these three sets of plate cultures, 
aerobic litmus lactose agar, anaerobic litmus glucose agar, and 
aerobic litmus lactose gelatin, generally in close agreement, represents 
approximately the quantity of cultivable B. coli in the feces. Other 
bacteria occurred in small numbers and not constantly. The smallest 
number of colonies per milligram feces was observed in Subject G, 
Dec. 14, 1,360 on the aerobic agar, but 6,440 on the anaerobic agar. 
Subject D, April 27, shows 2,420 on the aerobi: agar, 2,900 on the 
anaerobic agar, and 3,140 on the gelatin plates. The total number 
of bacteria by direct microscopic counts upon these stools was 179,- 
000,000 and 252,000,000 bacteria per milligram respectively. The 
highest colony count occurs in Subject F, June 8, 1,500,000* per 
milligram on the aerobic agar plates. The anaerobic a^ar plates show 
1,100,000, but the gelatin plates only 380,000 per milligram. The 
direct count on this sample of feces was 477,000,000 bacteria per 
milligram. Subject E, Mar. 2, shows 1,200,000 colonies per milli- 
gram on all three sets of plates. The direct count in this case was 
480,000,000 bacteria per milligram. Of the 12 individuals, Subject 
E shows the highest average value, 280,000 colonies per milligram 
feces, Subject J, the lowest, 33,000. The average of the direct 
counts for these subjects were 424,000,000 and 328,000,000 bacteria 
per milligram feces. There is moreover a remarkable variation 
in the number of cultivable B. coli in different stools of the same 
individual, and this variation seems to bear no constant relation to 
the total number of bacteria present, nor to the dryness of the stool, 
altho these factors appear to have an influence in some cases. In 
Table 9, the maximum, mean, and minimum number of colonies 
developed on the plates, and of bacteria counted directly, are given, 
summarized from Tables 8 and 2. The extreme individual variations 
are here clearly shown. 

Sucksdorff, 15 who first noted this remarkable variation in the num- 
ber of cultivable bacteria in the human feces, ascribed it to the varia- 
tion in the number of bacteria swallowed with the food. By taking 
only sterilized food he reduced very considerably the number of colo- 
nies developed from the feces. Very serious errors in Sucksdorff' s 

* Attention should be called to the fact that inasmuch as the same dilutions were employed in making 
the plates from each stool, these high counts are really too low, because of inhibition of development by 
crowding on the plates. 
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technic have been pointed out by Stern, 14 who has shown that the 
former's conclusions are not justified. From the results given in 
Tables 8 and 9, it is evident that the number of cultivable facultative 
anaerobes in the feces is not a reliable indication of the extent of 
bacterial multiplication in the digestive tract. This question will 
be more fully discussed below. 

From the fecal suspensions heated to 8o° C. for 15 minutes, two 
sets of plates were made, for aerobic spores and for anaerobic spores. 
Ordinarily quantities of 0.25 and 0.50 c.c. of Suspension No. 2, 
Spores, were plated in litmus lactose agar aerobically. Ninety- 
seven such examinations for aerobic spores are tabulated. Bacteria 
of this class were nearly always present in sufficient numbers to 
appear on these plates (0.5 c.c. of Suspension No. 2 represents 
0.0005 gm. feces). Thin spreading colonies with alkaline reaction, 
characteristic in appearance, were observed 94 times in the 97 exam- 
inations. It is probable that this species is a normal component of 
the human intestinal flora, and for this reason it has been subjected 
to more detailed studies* which have shown it to be a member of 
the Urobacillus group. The number of aerobic spores varied from 
3,556 per milligram in Subject A, July 31, to o in Subject J, Apr. 29, 
the only examination in which growth was entirely absent from these 
plates. The average of the 97 examinations was 65 aerobic spores 
per milligram feces. 

Anaerobic platesj inoculated with similar quantities of Suspen- 
sion No. 2, Spores, were made on blood agar in 139 different stools 
of this series. The medium was prepared by adding about 1 c.c. of 
naturally sterile, defibrinated blood (of rabbit, dog, cat, or goat accord- 
ing to availability) to the tube of plain agar, melted and cooled to 
45 C, immediately before pouring. The plates were incubated 
48 hours under anaerobic conditions. An attempt was made to 
isolate as many different species as possible from these plates and 
to preserve them for further study. In the tables 26 types are indi- 
cated. Of these only six deserve serious consideration as the others 
are represented by a single occurrence only, except Type XV which 

* The work upon identification of the bacteria isolated from feces will appear in a subsequent com- 
munication. 

t We owe this method to the suggestion of Professor Theobald Smith, who has found it well adapted 
to the isolation of B. welchii from feces. 
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occurred twice in the same individual. The types of sporogenic 
anaerobes which were repeatedly isolated were Numbers I, II, III, 
VIII, IX, and XVIII. Type I is undoubtedly the species described 
by Welch and Nuttall 20 under the name, B. aerogenes capsulatus. 
Type II resembles it very closely but forms spores more readily. 
Both of these hemolyze blood, producing clear areas around their 
colonies in the blood agar plates. Type III does not hemolyze the 
blood, but produces a green coloration about the colony on the blood 
agar plates. Type VIII appears to be related to B. edcmatis 
but is nonpathogenic to laboratory animals. In milk fermentation 
tubes it rapidly digests the casein without the formation of acid. 
Type IX resembles Type VIII very closely, being distinguished 
from it chiefly by a slower liquefaction of gelatin. Type XVIII is 
morpohlogically distinct from the others as it forms a large oval 
terminal spore much wider than the cell. In this it resembles Bien- 
stock's 2 B. putrificus, the Kopfchen bacillus described by Escherich, 5 
and the drum-stick bacillus described by Tavel. l6 It is quite probable 
that Types I and II are merely varieties of the same species, and that 
Types VIII and IX are also similarly related. If this should be 
the case there would be left for consideration only four species. In 
the examination of 139 different stools for sporogenic anaerobes 
according to this method, Type I was recognized in 113, Type II 
in 25, Type III in 21, Type VIII in 14, Type IX in 8, and Type XVIII 
in 12. The more detailed description of these forms must be left 
for a subsequent communication. 

The number of colonies appearing upon these anaerobic spore 
plates was exceedingly variable. The greatest number, 64,398 
cultivable anaerobic spores per milligram feces, occurred in Subject 
G, June 22, consisting almost wholly of Type I. In nine subjects, 
anaerobic spore organisms were found at every examination. Three 
individuals, Subject D, Feb. 27, Apr. 10, and July 1, Subject F, 
July 27, and Subject J, Mar. 30, May 15, and June 17, failed to 
yield cultures of sporogenic anaerobes by this method, upon the dates 
named, altho they were found at other examinations. The average 
of all the 139 examinations was 1,790 cultivable anaerobic spores 
per milligram fresh feces. It should be kept in mind that these figures 
represent spores, and not the total number of sporogenic anaerobes. 
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Table 9 summarizes the figures given in Table 8, together with the 
results of the microscopic count of the fecal bacteria of Table 2. 

TABLE 9. 

Bacteria per Milligram Fresh Feces. 

Summary of Colony Counts and of Direct Microscopic Counts. 



Subject 



Aerobic 
Agar 



Anaerobic 
Agar 



Aerobic 
Gelatin 



Acid 

non-liq. 

P. ct. 


Aerobic 
Spores 


Anaero- 
bic 
Spores 


100.00 
99 30 

97.00 


3.556 
411 

4 


13,698 
3,595 

97 


100.00 
99 04 
92.00 


5i 
20 

7 


964 

155 

6 


100.00 
98.21 

83.00 


538 
IOO 

6 


449 
83 

4 


100 . 00 
99.67 

98.00 


121 
23 

3 


3,538 

485 




100 . 00 
9992 

99.00 


3 S 
18 

3 


3,152 

422 

13 


100 . 00 
9986 
99.00 


269 

50 

6 


3,280 

555 




100.00 
98.57 
90.00 


280 
48 

2 


64398 
6,401 

204 


100 . 00 
99.83 

98.00 


72 
25 

4 


19,124 
1 922 

15 


100.00 
99.87 
99.40 


20 
12 

4 


i3,53i 
1,466 

73 


100.00 
99.11 
96.00 


40 
13 




21 
7 



100.00 
98.48 

95.00 


181 
36 

2 


26,361 

2,877 

14 


100 . 00 
99 53 

98.00 


60 

25 

9 


39,449 

3,514 

16 


100 . 00 
99 38 

83.00 


3,556 

65 




64,398 
1,790 





Microscopic 
Count 



All subjects 



Maximum 
Mean 

Minimum 

Maximum 

Mean 

Minimum 

Maximum 

Mean 

Minimum 

Maximum 
Mean 

Minimum 

Maximum 

Mean 

Minimum 

Maximum 

Mean 

Minimum 

Maximum 

Mean 

Minimum 

Maximum 

Mean 

Minimum 

Maximum 

Mean 

Minimum 

Maximum 

Mean 

Minimum 

Maximum 

Mean 

Minimum 

Maximum 

Mean 

Minimum 

Maximum 

Mean 

Minimum 



94,691 
35,632 



747,000 

133,856 

14,960 

681,728 
103,645 

1,787 

74,000 
26,637 

2,420 

1,200,213 
279,210 

30,600 

1,526,140 
176,164 

13,380 

279,878 
101,097 

1,360 

1,106,737 
231,697 

13,700 

554,780 
162,333 

7,650 

88,093 
32,117 

2,320 

244,000 

48,913 

3,860 

306,580 

63,568 

3,240 

1,526,140 
116,239 

1,360 



57,642 
31,583 

10,000 

658,160 
108443 

9,840 

680,737 

112,947 

4,160 

61,920 
24,699 

2,900 

1,162,273 
268,963 

36,000 

1,137,300 
153,134 

12,640 

289,575 
93,231 

6,440 

1,184,358 
172,035 

7,830 

561,880 
145,784 

10,300 

86,515 
27,501 

3,240 

212,000 
49,619 

5,000 

264,840 
58,896 

5,76o 

1,184,358 
103,903 

2,900 



90,860 
35,421 

6,400 

736,440 

127,415 

9,160 

7f,o,6o4 
165,927 

7,780 

87,135 
27,950 

3,140 

1,232,677 
280,917 

41,500 

380,360 
125,947 

12,040 

260,368 
121,363 

7,040 

967<5i4 
272,905 

49,520 

575,540 
223,921 

17,440 

80,395 
38,108 

5,6oo 

83,660 
39,347 

4,220 

262,320 
81,742 

7,520 

1,232,677 
128,414 

3,140 



539,000,000 
394,000,000 

244,000,000 

425,000,000 
301,000,000 

151 000,000 

678,000,000 
461,000,000 

341,000,000 

448,000,000 
305,000,000 

193,000,000 

569,000,000 
424,000,000 

254,000,000 

498,000,000 
403,000,000 

263,000,000 

583,000,000 
400,000,000 

179,000,000 

707,000 000 
475,000,000 

322,000,000 

612,000,000 
402,000,000 

251,000,000 

476,000,000 
328,000,000 

158,000,000 

385,000,000 
287,000,000 

198,000,000 

507,000,000 
371,000,000 

175,000,000 

707,000,000 
379,000,000 

151,000,000 



It is clearly evident that the number of bacteria brought to develop- 
ment by our culture methods is very small in comparison with the 
result of the direct counts, on the average about one germ in three 
thousand appearing as a colony upon the plates. 
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relation between cultivable and visible fecal bacteria. 

That only a small fraction of the bacteria of the human feces 
appears in cultures has been well known for some time (see Schmidt 
und Strasburger, 12 pp. 281-86). Klein 10 considers the bacteria which 
fail to develop to be dead and their death to be the result of specific 
germicidal action of the intestine and its secretions. From examina- 
tions of the intestinal flora of the rabbit he concluded that the bacteria 
did not multiply at any part of the digestive tract, but were being 
killed at every point and being disintegrated, especially in the large 
intestine. Klein's deduction from his experiments meets a serious 
difficulty in the well known fact that enormous numbers of bacteria 
continue to be excreted in the feces even when excluded from the 
food. Belonowski 1 has fed mice sterilized food exclusively for seven 
months without any appreciable diminution in the excretion of 
cultivable fecal bacteria. Moreover, the germicidal action of the 
digestive juices, with the exception of the gastric juice, has not been 
demonstrated. In fact, the bile, the pancreatic juice, and the enteric 
secretion are all fairly good culture media in vitro. The first effect 
of a germicide upon bacteria is to inhibit growth and multiplication, 
and the enormous number of bacterial cells in the feces shows that 
the conditions for bacterial growth are exceptionally favorable in 
the intestinal tract, rather than inhibitive, not to mention germicidal. 

We may better understand the biology of intestinal bacteria if 
we keep clearly in mind the nature of bacterial growth and death, in 
general, as it has been observed in the culture tube and upon dead mat- 
ter. In common with other living cells, bacteria utilize food materials, 
thus tending to exhaust the available supply, and they produce and 
excrete various substances, some of which are very unfavorable 
to their own growth and existence. It may be said that, in general, 
living cells are able to endure deprivation of food for a much longer 
period than they can endure the presence of the waste products of 
their own metabolism. That the products of bacterial growth exert 
a pronounced germicidal effect upon their own species is already 
well established as a general principle.* Hehewerth 7 has shown 
this to be the case for B. coli, in cultures of which the bacterial cells 
begin to perish even before multiplication has ceased. In agar 

* Gotschlich in Kolle und Wassermann, 11 Handbuch, I, p. 116. 
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flask cultures grown at 37 C. for five days and still perfectly moist, 
we have found the number of living bacteria estimated by the plate 
method to be, in one experiment, y 1 ^ of the total cells counted micro- 
scopically; in another experiment J of the total visible cells. In 
agar flask cultures incubated eight days at 37 and still perfectly 
moist, only -fa of the cells counted microscopically were found capable 
of development on agar plates. Each one of these visible cells was 
at the moment of its origin essentially capable of independent pro- 
liferation, given favorable medium and environment. Its death 
necessitates the assumption of definite unfavorable influences present 
in the culture. This condition of a culture has long been spoken of 
as exhaustion of the medium, after the conception of Pasteur that 
the nutritive substances were entirely used up and the bacterial cells 
starved to death, but in reality the exhaustion of the medium is due 
in a much larger measure to the accumulation of waste products. 
This fact will be made clearly evident by a consideration of the 
natural limitation of bacterial growth in cultures. 

Eijkman 4 has shown that when gelatin is inoculated with 6,000,000 
living cells of B. coli per milligram of medium, no growth takes place, 
only gradual death and disintegration of the bacteria, and he has 
clearly demonstrated that bacterial growth in general is limited not 
by the exhaustion of the nutritive substances of the medium but 
by the accumulation of very definite inhibitory metabolic products 
of the bacteria, some of which at least are diffusible, thermolabile, 
and not appreciably filterable through porcelain. He was able to 
regenerate an "exhausted" medium by filtration through porcelain 
or by heating, in neither of which procedures is any nutritive sub- 
stance added, and yet the resulting material again supported bacterial 
growth. He has also shown that these same inhibitory substances 
are present in human feces. These results have been confirmed 
by Conradi and Kurpjuweit, 3 who were able to detect this inhibitory 
substance in cultures of B. coli after the first hour of growth at 37 C, 
and in human feces even when diluted 10,000 times. They suggest 
the name "Autotoxine" for this class of substances. These experi- 
ments merely bring more clearly and more definitely before us what 
has been evident in a vague sort of a way to anyone who has made 
plates or transplanted stock cultures. 
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Besides this unfavorable effect upon their own species, bacterial 
products also frequently exert an inhibitory and germicidal action 
upon other species, and this hetero-antagonism has been especially 
studied in the case of B. coli by Eijkman, 4 and by Conradi and Kurp- 
juweit. 3 It seems evident, therefore, that Escherich 5 was correct 
in ascribing to the concentration of intestinal contents by absorption 
of water and the consequent accumulation of bacterial waste products, 
an important role in restricting, weakening, and destroying the intes- 
tinal bacteria, and it appears safe to assume that a large part of the 
great mass of fecal bacteria which fail to grow are actually dead cells, 
killed not by the action of the body cells, but largely by the same 
causes which kill bacteria in artificial cultures, their own metabolic 
products. 

Some of those individual cells of readily cultivable species which 
fail to develop may not be dead but only weakened so that they do 
not grow upon solid media, altho they may develop in broth or other 
more favorable media. Where bacteria are dying there are some 
almost but not quite dead. This conception serves to account for 
the discrepancies between quantitative estimations of the same 
species on different media, as has been pointed out by Escherich. 5 

The remarkable variations in the number of cultivable B. coli in 
the feces of the same individual are best accounted for, not by differ- 
ences in the amount of multiplication of this species in the intestine 
but by the differences in the extent to which the bacterial cells have 
died before passage of the feces. From the researches of Escherich 5 
and of Tissier 18 upon nurslings, of Tissier 19 upon older children, 
and of Gessner 6 upon adults, it is evident that bacteria of the B. coli 
group (including B. lactis aerogenes, Escherich) are the chief bacteria 
of the small intestine and reach their highest development in the 
cecum and upper colon, thus belonging to the flora of the upper 
part of the intestine rather than the lower. This group would, there- 
fore, be especially subject to unfavorable influences in the lower 
colon, specific antagonistic substances resulting from its own excessive 
proliferation at higher levels, the drying of the intestinal contents 
with consequent crowding of bacterial cells, the absorption and 
exhaustion of nutritive material, and possibly the antagonistic action 
of other bacterial species better adapted to the conditions of the 
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lower part of the intestine. This last mentioned factor has been 
shown to be of particular importance in breast fed infants by 
Tissier. 18 

In general the colon bacilli flourish where the digestion of proteins 
and sugars is in progress, in the presence of abundant intestinal 
juice, and they perish as absorption is being completed. Other 
things being equal, the survival of a large number of B. coli in the 
feces would indicate that these conditions favorable to it had per- 
sisted until the moment of excretion from the body was more nearly 
approached than is ordinarily the case, due either to increased rapid- 
ity of peristalsis in the large intestine, or to incomplete or delayed 
absorption of water, protein, and possibly of carbohydrate. Those 
stools which gave rise to less than 10,000 colonies of B. coli per milli- 
gram feces and those which gave rise to more than 200,000 colonies 
per milligram have been selected for comparison especially in regard 
to the clinical examinations of the feces. The clinical examinations 
of the feces were made for the most part by Dr. W. S. Chapin, clinical 
assistant in the laboratory. In the tables, ( + ) indicates a 
very small amount or trace; +, a small amount; ++, a mod- 
erate amount; + + +, considerable; + + + +, a large, and 
+ + + + +> a very large quantity. The examinations for striated 
muscle, starch, granulose bacteria, and fat were made with 
the aid of the microscope. Table 10 presents the data for the 
29 stools with less than 10,000 bacterial colonies per milli- 
gram. None of these stools showed mucous flakes, and only 
three, Subject G, Jan. 2, Subject K, Jan. 16 and Mar. 19, showed 
any excess of striated muscle fibers. In all the others the low colony 
count is associated with a fairly complete utilization of the muscle 
element of the food. In two of the exceptional cases, Subject K, 
Stools No. B 117 and No. B 163, there was undoubtedly marked fer- 
mentation due to anaerobes as indicated by the odor, abundance 
of gas bubbles in the feces, the greater number of colonies developed 
under anaerobic conditions, and the predominance of positive bacilli 
in the fermentation tube sediments. In the other exception, Sub- 
ject G, Jan. 2, Stool No. B 107, the evidence is not so conclusive, but 
the anaerobic plates yielded 19,000 colonies per milligram and the 
glucose fermentation tube became almost filled with gas, 9 . 7 cm. 
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In Table n, similar data are given for the 32 stools yielding more 
than 200,000 B. coli colonies per milligram. In 12 of these, mucous 
flakes were observed and the 3 counts above a million per milligram 
were all associated with the presence of excessive mucus. In 15 of 
the 32, striated muscle was present in increased quantity. In 6, the 
dry substance of the stool was less than 20 per cent. There are 6 of the 
32 stools in which no excess of mucus, muscle residue, or water was 
noted. A comparison of these two tables suggests a definite relation 
between these signs of incomplete absorption, increased intestinal 
secretion, and accelerated peristalsis on the one hand, and a large 
number of cultivable B. coli in the feces on the other, but it is also 
clear that other factors enter into and confuse this relation. The 
extent of multiplication of B. coli in the intestine seems to have very 
little relation to variations in the number of cultivable B. coli in the 
feces, this latter depending upon factors which affect the extent of 
dying of the bacterial cells. 

The assumption that all the visible bacteria which fail to develop 
on plate cultures are dead is, however, not justifiable. Special 
methods of culture may be expected to bring to development new 
species of fecal bacteria. Already several kinds of bacteria requiring 
special methods for their isolation have been shown to be fairly 
constant inhabitants of the intestine, of which the acidophile or 
acid resisting group and the sporogenic anaerobes may be mentioned. 
Besides these, there are certain forms such as the slender spirochetes 
which are visibly alive in the feces, and yet have not been brought 
to development by culture methods. It is not improbable that some 
species, cultivable with the greatest difficulty, may be very important 
members of the fecal flora, as their adaptation to such a strictly 
parasitic existence would suggest. To estimate the quantity of the 
living fecal bacteria not cultivable by our present methods, is manifestly 
impossible, and until we possess some better criterion by which 
to recognize living and dead bacteria, the results of culture experi- 
ments must be interpreted with caution. One must always keep 
in mind the possibility that some of the species under consideration 
may not be cultivable by the methods employed. 



Fecal Bacteria of Healthy Men 



595 



< 



_L + + ^ + t+- + + ++ ,+ 

++0T++O+O0T++TTT+++OO+0T+OO+T++O 

t + +w + + +W + + + + + + 



+ : 

+ oJ+ o 

_L I" 



+ 

+ + + o 

+ 



+ 


+ 


+ 


+ 


+ 


u + 


+ 


+ 



0+0+0000000+ ' + 

•+ 



~ + ++ _ .+ 

0+0+0. +00 + +00000000 + +0000+000+ : + 

w + ++ w . + 



■X+ + + 



+ 



i++o+++i+++o+o++oot+oi++++ ++iii 

+w + + + -t- — -+- — - + + + + _!_ +++ 

+ + + 



+ + + ^ + + 4- + -4- + + 

000+00'0+0+000,0'000+000,,|+0i00 

+ + + - + + +++ + I 



0+0000000000 

+ 



00000+000000000000 

+ 



hO be bed 

c e c £ 
oooi 

£ £ £2 3, 

co coco Ph. 



E g £ C 

Ul C 0) »H 

^cooo!^ 



g 2 • j3 "?, be he be 

00 £ 3 is is t, 



££a;G£c£c: 
bi3i»oi:oi:c 

^ Ph (72 CO 2- CO Pi CO 



* be S I 

c P 
' is o 



^ 5 C 
col^co 



• po t- O>00 rOOO 00 00 O OOOi- 



c 

a 



u 


-a 

^-^EESEEE^E^EEEEEE^EEEE^EEEEEE 
^^^oooooo^odoooooo^oooo^ocooco^^ 





OOO 'too 00<r>f^ | - , 0'- | HTfo 


OOCOOOO O- ro m Tt po t-- 




O >o O O 


M 


OOOCNiN'+OPOi-icOCsOr^r- ^O 10 r^O I s - O O O m PO 


000 




OOOO- t^0O OOOojojO^OOh 


ON POOO <ThoO ^ POO J>00 r~ 


Tj" IO M »0 


c E 


JrfNaH rop-i 1-1 O OO fON OO 


PO00 &CMO0 CS w H<5 


N ^Ol-N -<tO 


^ M 


CN <N *t LT-00 <N PO <N O ^OfOfOOM 








N «N roC NMNM^NOOWNIO 


'tNWNNNN^OH 




N (N »0 (N PO 


u ~ 


M M 


H 








CN n O in t^o 0\ CS O O PO On <N 00 


»0 M O <N O\00 IO 0\ to Tj" 










N« MM NNWCS 






Q 


. • • iJ • 4> ^ • • u' u'r " « ^ u 


3 <D._- -3 3 »h 3 3 3 


r" c 


June 
July 
July 
Nov. 
May 


rt 3 


c 


aooooNoow aHioHtoMn 


NtONOOO "O <N 


fO 


M tO >0 


10 t^ LO "^ fOO m t -"frvO 00 (N ro U"> <N 


PO Tf- H CO M-OC M Tt VJ\Q 




PO Tt LO Tf M 




l-IMC^CNl-IIHMMM(Nt\l(SN 


NHNNNhNnnn 




CS <N (N N 




qqaq^ttpqcOpqMCQPQacQfflPQPS 


P5P3pqpqpqpqpq«pQpcpq^ 


pqpqpqpQpq 



596 W. J. MacNeal, L. L. Latzer, and J. E. Kerr 

FERMENTATION TUBES. 

Fermentation tubes of sugar broth were inoculated with the mixt 
fecal flora of each stool examined. The medium was prepared 
from fresh meat, fermented with B. coli according to Smith's method. 
To the resulting nearly sugar-free broth, two per cent of the particular 
sugar was added, the medium filled into fermentation tubes (without 
foot) and sterilized in the autoclave. Pure dextrose, levulose, lactose, 
and saccharose were the sugars used. Each tube was inoculated 
with 0.25 c.c. of Suspension No. 1 (equivalent to 0.0025 g m - feces). 
The length of the closed arm was very nearly 12.5 cm. in each case. 
The quantity of gas produced has been recorded in linear centimeters, 
and the amount of this gas absorbed by alkali as percentage of the 
total gas. 

The results of these fermentation tube inoculations are recorded 
in Table 12. The amount of gas produced showed considerable 
variation. Thus in the dextrose broth, Subject A, Jan. 6, the entire 
closed arm was filled with gas, while in Subject L, Mar. 9, only 0.9 
cm. was produced. Of the twelve individuals, Subject A showed the 
largest average amount of gas in the dextrose broth, 7.3 cm.; Subject 
F, the smallest, 3 . 9 cm. The average for the 12 subjects was 5 . 2 cm. 
gas in the dextrose broth. Similar variations in the amount of gas 
produced also occurred in the other kinds of sugar broth, as will be 
seen upon examination of Table 12 or of the summary table. It 
is of interest to note that on the average the lactose broth excelled in 
the amount of gas produced, and this is also true of the average 
figures of every one of the 12 individuals (see Table 13). 

The portion of the gas absorbable by alkali varied as a rule from 
-J- to f of the total, corresponding roughly to the gas formula of the 
B. coli group. 

From the results of plate cultures one might expect a predominant 
growth of B. coli in these fermentation tubes. Microscopic examina- 
tion of the sediments in the tubes after 24 hours' incubation, however, 
always revealed a considerable variety of bacteria, gram-positive 
and gram-negative bacilli and cocci being constantly observed. 
The predominant type of organism in the gram-stained sediments* 

* Differences in the character of the sediments of the different sugar broth tubes inoculated from 
the same stool were frequently noted. 
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is indicated in the table. Gram-positive rods were predominant 
in six instances, in Subjects A, H, and K. In four of these, in Sub- 
jects A and K, the closed arm of the fermentation tube was nearly 
or quite filled with gas. In the other two, in Subject H, the tubes 
were about half full of gas. The gram-positive bacilli associated 
with this marked abundance of gas were probably B. welchii. On the 
other hand, there were several instances of abundant gas production 
in which gram-negative bacilli were predominant in the sediments. 
No branched forms were ever observed. The interpretation of results 
of this character presents great difficulties. It will be necessary to 
study more fully the character and action of each of the various 
species present in these sediments before a rational theory applicable 
to their associated action can be formulated. So far, one fact is 
certain — the growth in these fermentation tubes inoculated with 
2.5 mg. of normal human feces is not merely a culture of B. coli 
but a number of species are here brought to development, which 
fail to appear on the agar plates. 

One object in undertaking these fermentation tests was to test 
the clinical significance of variation in the amount and composition 
of the gas produced. The results show very marked variation in the 
amount of gas even, in healthy men, and it is evident that the cause* 
of these variations is not simple. 

At present, work is in progress to isolate the various species from 
these fermentation tubes and determine their identity and action 
upon the sugars in pure and in mixt cultures. So far as we have 
been able to discover, the gas production is due to the activity of 
bacteria belonging either to the B. welchii group or the B, coli group. 
These bacteria were present in practically all the stools examined 
in sufficient quantity, as shown by plate examinations, so that each 
fermentation tube inoculated with 0.0025 gm. feces would contain 

* Herter, to whose work 8 we owe this application of the fermentation tube, apparently considers 
these variations to be an expression and a measure of the alterations in the gas forming function of the 
aerogenic species occurring in the intestine, altho his recent statements' are not quite clearly specific 
on this point: "Observations were made twice weekly on the gas production of the mixed fecal -flora in dex- 
trose-bouillon fermentation tubes in the hope of detecting any influence that might possibly be exerted by the 
sodium benzoate on the gas forming function of the intestinal bacteria" (Benzoate report, p. 579). "// is 
thus clear that large doses of sodium benzoate strongly tend to depress the ability of the fecal bacteria to form 
gas. The explanation of this fact is not at present clear. The depression in gas formation is certainly not 
due to the presence of sodium benzoate in the feces, since it was not possible to recover benzoic acid in amounts 
sufficient to cause such an effect. But it may be due to some action of the benzoate on the bacteria of the digest- 
ive tract at higher levels than the colon, or to an action on the digestive juices" (Benzoate report, p. 605;. 
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some bacteria of both groups. The small gas production occurring 
in some instances cannot, therefore, be ascribed to the lack of aero- 
genic organisms, nor is the diminished gas production due to a loss 
of the gas producing function in these aerogenic species, for mere 
pasteurization of mixt fecal flora restores the gas producing power 
so that milk and blood broth fermentation tubes inoculated with it 
become entirely filled with gas. The explanation is to be sought rather 
in the antagonistic action of other members of the mixt fecal flora, 
which are able to develop in the sugar broth fermentation tubes 
and to inhibit or limit the proliferation of the gas formers. One 
important feature of the fermentation tube cultures is the variety 
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of species brought to development, where the agar and gelatin plates 
show only B. coli. This is due not only to the liquid nature of the 
medium but to the anaerobic condition of the closed arm and also 
possibly to the opportunity for more intimate symbiosis afforded to 
the mixt bacteria, resembling in a measure the conditions of growth 
in the upper part of the intestine. It would be, however, a serious 
error to assume that the fermentation tube furnishes the same con- 
ditions as the intestine or that it allows the development of all species 
of fecal bacteria, or favors equally the multiplication of those species 
which do grow in it. It is merely an empirical method of demon- 
strating the presence of some living bacterial species which might 
otherwise be missed, and of studying the associated action of the fecal 
bacteria upon the liquid media. The kind of fermentation set up, 
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and the relative numbers of the different types of bacteria found 
in the sediment may, when some reliable means of interpretation 
has been furnished, prove of some value as an index of the number 
and activity of these different species in the intestine. 

In Table 12 are also given the rather fragmentary results of some 
special tests for the immediate recognition of B. welchii, our Type I, 
and for the Type VIII (and IX), which completely digests milk. 
Litmus milk fermentation tubes, inoculated with 0.25 c.c. of Suspen- 
sion 1, became coagulated with an acid reaction in every instance. 
The gas production was usually less than half the closed arm, but 
there are several instances in which the closed arm was filled with 
gas, indicating a marked development of B. welchii. No digestion 
of the casein was observed in these tubes. Litmus milk fermentation 
tubes inoculated with 0.50 c.c. of Suspension No. 2, Spores, usually 
became coagulated with an acid reaction and the closed arm of the 
tube entirely filled with the gas, indicating the unobstructed action of 
the gas bacillus. In a few instances the casein was digested without 
acid production and without the formation of gas, indicating the 
presence of Type VIII (or IX) , and in some tubes there was evidence 
of the associated action of two or more sporogenic species. A com- 
parison of the behavior of these two sets of milk fermentation tubes, 
the one inoculated with the unheated mixt fecal flora and the 
other with the same material after it had been heated to 8o° C. 
for 15 minutes, indicates the marked influence which the asporo- 
genic intestinal bacteria exert upon the behavior of the sporogenic 
forms. 

The broth fermentation tube to which has been added a bit of 
naturally sterile liver or other animal tissue, as recommended by 
Smith, 13 was found to be especially useful in the rapid detection of 
B. welchii. Instead of the solid tissue we have usually added natu- 
rally sterile defibrinated blood to the broth, which appears to be 
equally serviceable. These tubes inoculated with 0.50 c.c. of Sus- 
pension No. 2, Spores, usually became filled with gas within 24 hours 
at 37 C, and the capsulated bacilli could be readily demonstrated 
by suitable staining of the sediments. This is the easiest and simplest 
culture method for recognizing the presence of the gas bacillus spores 
in feces. 
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CONCLUSIONS. 

i. The number of fecal bacteria brought to development on 
artificial culture media is a minute fraction of the total fecal bacteria 
microscopically visible. 

2. Upon aerobic lactose gelatin plates, upon aerobic lactose agar, 
and anaerobic glucose agar plates, bacteria of the B. coli group are 
the only members of the normal fecal flora brought to development in 
a satisfactory manner. 

3. Sporogenic aerobic bacilli are normally present in the human 
feces, and one species has been repeatedly isolated from each of the 
12 individuals. 

4. Sporogenic anaerobic bacilli may be isolated from nearly 
every sample of human feces, by appropriate methods. B. welchii is 
a normal constituent of the fecal flora. 

5. The quantity of vegetative cells of the sporogenic species has not 
been estimated. The total number of sporogenic bacilli in the feces 
is therefore probably much greater than indicated by the cultures 
of spore material. 

6. Among the visible bacteria which fail to grow, a considerable 
number are undoubtedly dead cells belonging to cultivable species. 
The death of these cells is primarily due to the unfavorable products 
of their own growth, the effect of which is exaggerated by the concen- 
tration of intestinal contents, the absorption of food material, and 
the antagonistic action of other bacterial species. 

7. The variation in the number of cultivable B. coli in the normal 
feces is largely dependent upon the extent to which this bacterial 
destruction has progressed. 

8. There are a number of bacterial species. in normal feces, not 
yet brought to satisfactory development on plate cultures. 

9. The fermentation tube filled with various liquid media is 
exceedingly valuable in bringing to development various species 
of fecal bacteria. 

10. The gas produced in sugar broth fermentation tubes, inocu- 
lated with the mixt bacteria contained in 0.0025 gm. feces, is 
fairly constant in composition, but exceedingly variable in quantity. 

11. This variation in the amount of gas produced is not necessarily 
due to an alteration in the aerogenic function of the gas-forming 
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fecal bacteria, but is due rather to variations in the extent to which 
other species develop in the fermentation tubes and restrict the action 
of the gas formers. 

In conclusion it is a pleasure again to acknowledge the encourage- 
ment of Professor H. S. Grindley, chief of the laboratory, and the 
assistance of Professor Theobald Smith, whose counsel has been of 
especial value to us in this part of the work. 
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